Abstract
Introduction

14
The prediction of the shear capacity of reinforced concrete (RC) beams is still a challenging task beams is reachable by using the NSM CFRP technique 5, 6 . 
0.4 1300 . 1 1500 1000 inclination of  with respect to the beam longitudinal axis (Fig. 2a) . At load step 1 t , the two web 10 parts become separated by the CDC and they start moving apart by rotating around the crack tip
11
(point E in Fig. 2a) . From that step, by increasing the applied load, the CDC opening angle   The post peak behavior of the bond based constitutive law ( ; )
the average resisting bond length can be ignored.
22
The following paragraphs introduce the formulation of this approach: ).
7
Step 2: Determining the average available resisting bond length and the minimum integer number 8 of FRP laminates/rods that cross the CDC ( Fig. 2a) :
Step 3: Evaluation of geometric constants (equation 8), mechanical constants (equation 9), and 10 bond modeling constants (equation 10) ( Fig. 2c) :
.
. 
Step 4: Reduction factor of the initial average available resisting bond length ( ), and equivalent 1 value of the average resisting bond length (
The average resistance bond length is determined from:
where:
In equation .min( .tan , / 2).min .sin , 2 .tan
Step 5: Determine the value of imposed slip in correspondence of which the comprehensive peak
is the value of imposed end slip in correspondence of which the bond-
V L  attains the peak value ( Fig. 3b) : 1 cos arcsin
Step 6 
Step 7: Shear strength contribution provided by a system of NSM CFRP laminate/rod: 
where  and  are obtained from equations 1 and 2, respectively, while the longitudinal strain is 3 calculated from equation 4.
4
The solution procedure to calculate the shear strength of the concrete beams, according to the 5 BSMCFT, is obtained applying the following procedure (Fig. 4) :
Step 1: Input parameters;
7
Step 2: Assume a value for x  ;
8
Step 3: Calculate the crack spacing using equation 3; 9
Step 4: Calculate  and  using equation 1 and equation 2, respectively;
10
Step 5: Calculate the shear strength based on equation 24;
11
Step 6 The beams tested by Chaallal et al. 17 were of T cross section type, and were strengthened in shear 13 by CFRP rods, and tested under three point bending. These beams were characterized by cross- The angle  for BSMCFT was assumed to be equal to 28.5° for all the experimental programs 8 .
10
To define the local bond stress-slip relationship (Fig. 2b) When CFRP rods were used, the equivalent square cross-section was adopted in the calculations.
16
The maximum dimension of aggregates ( g a ) was assumed 25 mm (0.98 in) for all the experimental 17 programs, since this information was not available in the majority of the original publications. , where a penalty (PEN) is assigned to each range 10 of λ parameter according to Table 2 , and total of penalties (Total PEN) determines the performance 11 of each analytical approach.
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According to the results in Table 2 and Fig. 5a , the predictive performance of BSMCFT model is 13 better than NACI, since BSMCFT model has a large number of predictions in the appropriate 14 safety interval according to the DPC (Table 2) Based on the data presented in Fig. 5 and Table 1 The new approach is based on the simplified modified compression field theory (SMCFT), which 8 takes into account the tensile stress factor in cracked concrete (  ), and inclination of diagonal 
